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AUTOMOTIVE RADAR
SITUATION TODAY

» Euro NCAP roadmap pushing in-cabin radar

0(-0
» Slow progress in SAE Level 3 functions and beyond ._,. m ( [ ‘Q‘

» 76 — 81 GHz well established, but GUIDELINE ~ STANDARD  COMPLIANCE =~ CONSTRAINT

. . L N\
— no requlations on interference mitigation iy z:
: : \‘\ o | 5:
N v -
LA

— no standard procedures for testing

CoNDuCT PROCEDURE RULES
— any modulation can be used

— Industry is not pushing standardization
Does this scale ? Is this sufficient for SAE level 3 functions and beyond ?
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FREQUENCY MAP FOR AUTOMOTIVE RADAR & SENSING
MANY ACTIVITIES BEYOND GLOBALLY AVAILABLE 76 - 81 GHZ

Global availability for exterior radar

Power _ )
Target is uniform parameters for 76-81 GHz

Standardization ongoing

License free band LRR and
Low power SRR
High atmospheric

License free band
Standardization

ongoing
absorption

FR2-1 Integrated

UWB _ :
In-Cabin Sensmg anq In-Cabin Radar and In-Cabl.n Radar_ and
Radar Communication Exterior Sensing Exterior Sensing
W —>
3 10 24 52 57 64 76 77 81 116 148 GHz
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FREQUENCY MAP FOR AUTOMOTIVE RADAR & SENSING
REVISION AND UPDATES OF ALL ETSI STANDARDS NEEDED

EN 301 091-1
Power Draft in progress

EN 302 264: Implement ECC

EN 303 883-1 and report 350 from 2023

EN 303 883-2:
Test methods for Rx

Now EN 305 550-1
Target EN 305 550-4
(draft end of 2024)
FCC increased EIRP

LRR and

and Tx parameters
New revisions in 2024

Implement ECC report
351 from 2023

FR2-1 Integrated

UWB _ :
In-Cabin Sensmg anq In-Cabin Radar and In-Cabl.n Radar_ and
Radar Communication Exterior Sensing Exterior Sensing
W —>
3 10 24 52 57 64 76 77 81 116 148 GHz
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FREQUENCY MAP FOR AUTOMOTIVE RADAR & SENSING
MANY ACTIVITIES BEYOND GLOBALLY AVAILABLE 76 - 81 GHZ

Power

LRR and

UWB FR2-1 Integrated

In-Cabin Sensingand n_capin Radar and In-Cabin Radar and
Radar Communication Exterior Sensing Exterior Sensing
—

3 10 24 52 57 64 76 77 81 116 148 GHz
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REVISION OF ETSI STANDARD EN 302 264 FOR 77 - 81 GHZ

» Revised power parameters of ECC report 350* will be implemented

Radar sensor category | Modulation Bandwidth | Max mean PSD EIRP (during T,,) | Max mean EIRP (during T,,)

Long Range up to 1 GHz 20 dBm/MHz 40 dBm
Mid Range up to 2 GHz 7 dBm/MHz 37 dBm
(Ultra) Short Range up to 4 GHz -3 dBm/MHz 30 dBm

* https://docdb.cept.org/download/4286
» Timeline and next steps

Responsible Activity Target Schedule

CEPT/ECC Drafting new revision of ECC recommendation 04(03) Mid 2024
EU Commission EC implementation decision (drafting, releasing in Official Journal) 2024
ETSI ETSI drafting of harmonized standard EN 302 264 2025/26

EU Commission Releasing of harmonized standard in EU Official Journal 2026
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77 - 81 GHZ [ 1+ @ ETSI #34% EN 302 264 O ET

» ECCLR— F350*THETSN=BHNTA—INEE IS

L=t hT3TY L isiE Max mean PSD EIRP (during T,,) | Max mean EIRP (during T,,)

Long Range up to 1 GHz 20 dBm/MHz 40 dBm
Mid Range up to 2 GHz 7 dBm/MHz 37 dBm
(Ultra) Short Range up to 4 GHz -3 dBm/MHz 30 dBm

* https://docdb.cept.org/download/4286
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D S—4y FRTSa—

CEPT/ECC ECC #1 04(03) DL L\eRET R DL EH 20249t8
EU Commission  ECEMRATE (BEZE. BEMmFX) 2024
ETSI ETSI DES#ME EN 302 264 DEZ 2025/26
EU Commission EUEB#H COM—HRI8DFEK 2026
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EU ETSI RADAR STANDARDIZATION 76 - 81 GHZ
CHANGES IN TEST METHODS FOR NEW HARMONIZED STANDARDS

Peak Power 55 dBm Unified between 76-77 and 77-81 GHz

Operational Frequency 1 GHz / 4 GHz Bandwidth definition: 99% of total radiated power or -23 dB below the
Range maximum of the radiated power

Out of Band Emissions Profile New slope profiles

Spurious Emissions -30 dBm/MHz Method will change from RMS averaged over duty cycle to RMS averaged

over burst duration
Receiver Baseline Scenarios (e.g. min.  Receiver limits are defined by fulfilling minimum technical sensitivity

Sensitivity and Resilience RCS, min. distance, requirements for given scenarios considering also interference
detection probability)
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ROLL-OUT AND IMPACT ON IMPLEMENTATION OF 76 - 81 GHZ
RADAR APPLICATIONS

» Standard upgrades required to fulfill legal requirements

» Global product roll-out possible, but individual country limitations need to be considered
(e.g. 10 mW conducted power limit in Japan or missing bandwidth in China and India)

» New standards require recertification of existing products to continue sales
(latest 24 months after standard is listed in Official Journal of European Union)

» Radar chip sets support 76-81 GHz and can be reconfigured by software
— Compliance needs to be ensured for each software release
— Software defined radio is not yet allowed

— Extending operation mode like e.g. increasing bandwidth requires product recertification
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FUTURE-PROOF REFERENCE SOLUTION FOR
RESEARCH, DEVELOPMENT & COMPLIANCE TESTING

ATS1500C
CATR Chamber

Future-proof CATR reflector FSW43

_ Spectrum
:1131: technology for growing A%awzer
"""""" antenna apertures

SMW200A
Unique turn-key solution Signal
_ Generator
based on best-in-class
components AREGS00A
Target

: Simulator

Performance confirmed by
\ l / -

@594 customers working on

leading edge radar
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FREQUENCY MAP FOR AUTOMOTIVE RADAR & SENSING
MANY ACTIVITIES BEYOND GLOBALLY AVAILABLE 76 - 81 GHZ

Power

LRR and

UWB FR2-1 Integrated
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UWB INITIALLY SOLVING KEYLESS SECURITY
IS BECOMING A UNIVERSAL TOOL AROUND THE CAR

» UWB consists of narrow pulses (typically 2 ns)

Vehicle access and start * Remote controlled parking

—

—> highly immune to multi-path and interference

» UWB is difficult to jam by relay attacks

» Mainly 6.789 GHz used in Automotive

» Actions based on Time-of-Flight and

Angle-of-Arrival measurements

» Physical layer for sensing under development | o 2
e.g. child presence detection = LT e
(€9 P ) Child presence detection In-door navigation

* The Car Connectivity Consortium (CCC) specified the digital key with Digital Key Release 3 v1.1 based on Bluetooth Low Energy (BLE) in combination with Ultra-Wideband (UWB). Link
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https://carconnectivity.org/car-connectivity-consortium-makes-digital-key-release-3-v1-1-specification-available-to-the-public/
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Vehicle access and start * Remote controlled parklng

Child presence detection In-door navigation

* The Car Connectivity Consortium (CCC) specified the digital key with Digital Key Release 3 v1.1 based on Bluetooth Low Energy (BLE) in combination with Ultra-Wideband (UWB). Link
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NG-UWB (IEEE 802.15.4AB) WILL INTRODUCE SENSING
PHYSICAL LAYER ADAPTATIONS REQUIRED

Reference pulse Time domain mask for Sensing sequence and Sensing packet
shapes for sensing sensing pulse pulse pattern formats

Time-bounded Kaiser-Bessel Restrictive sensing “time- Sensing sequence: SENO (mandatory):
domain mask” and “cross- o |patov sequences (length 91) s SENS
correlation metric” need to be > HPRF pulse pattern
-~ (spreading factor 4) SEN1 (optional):
. . : SHR SENS PHR PSDU
Time domain mask: sensing
_ SEN2 (optional):
Uniform HPRF pulse pattern
I SHR PHR PSDU SENS
I | e [ 2y I I I One, or optional 2,3,4 SENS
p(®) = [% | ,O[M](L) . sz 1 1 segment with 32, 64, 128
0 |l > L/2 (mandatory) or 16, 256, 512
I (optional) symbols per segment

O O R LT N
- fpmdit} B—— B B ——B
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Time-bounded Kaiser-Bessel Restrictive sensing “time- Sensing sequence: SENO (mandatory):
domain mask” and “cross- o |patov sequences (length 91) SHR SENS
correlation metric” need to be °HPRF pulse pattern .
defined (spreading factor 4) SEN1 (optional):
. . : SHR SENS PHR PSDU
Time domain mask: sensing
_ SEN2 (optional):
Uniform HPRF pulse pattern
SHR PHR PSDU SENS
1y [,m 1_(%)2] I I I I One, or optional 2,3,4 SENS
PO =1 H=L2 1 1 segment with 32, 64, 128
0, |l > L/2 (mandatory) or 16, 256, 512
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OVER-THE-AIR TEST SOLUTION FOR
ULTRA-WIDEBAND

» Flexible and compact chamber ATS800R with footprint of 0.7 m?

— With or without CATR reflector (@ 20 cm quiet zone)

— Integrated in rack, on wheels or benchtop
— Tilt/tilt positioner under development for constant polarization
» Compact UWB non-signaling tester CMP200 for HRP in high band

» \ersatile use

— Transmit signal analysis

— Angle-of-Arrival measurements

— Antenna performance measurement
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FREQUENCY MAP FOR AUTOMOTIVE RADAR & SENSING
MANY ACTIVITIES BEYOND GLOBALLY AVAILABLE 76 - 81 GHZ

Power

LRR and

UWB FR2-1 Integrated

In-Cabin Sensingand . capin Radar and In-Cabin Radar and
Radar Communication Exterior Sensing Exterior Sensing
—

3 10 24 52 57 64 76 77 81 116 148 GHz
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FCC RAISED POWER LEVELS FOR 57 - 64 GHZ
AMENDED 15.255 RULES EFFECTIVE IN AUGUST 2023

s o 1s ss0@iE) | EU-EN 050

EIRP limit 20 dBm peak 20 dBm average 13 dBm average
Duty Cycle 50% in 33 ms cycle no requirement 10% in 33 ms cycle
30 20 15 10 V[Yavejen‘gth (mm) 3 1 1.0 0
» Lower power compared to 76-81 GHz and high =
2 mggﬁoﬁt@f :1? |?:,2(t:e r-Waves s
atmospheric absorption for distances <100 m = 91 (Horizontal Propagation) / N\ n
= 11 I\ yal [
@ < Sea Level 1A == 1 [, \
» Competing with UWB for in-cabin applications g .| N\ - T T (
» Established in non-automotive markets ol ‘ [ A
like consumer, industrial or surveillance ooad™ | 9150 Meters Alitude
0.001
1 1 10 15 20 25 30 40 S50 60 70 80 90100 150 200 250 300 400
app“catlons Frequency (GHz)

Reference ETSI TR 103 148 V1.1.1 (2014-06):
https://www.etsi.org/deliver/etsi_tr/103100_103199/103148/01.01.01_60/tr_103148v010101p.pdf
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MELC . <100 m

Attenuation (dB/km)

20 dBm average

no requirement

10% in 33 ms cycle

Wavelength (mm)
8 8 5 4

an 20 15 10 2 1 1.0 0
100
40 4 . ~
20 Average Atmospheric 7\
- Absorption of Milimeter-Waves N\
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‘| < ": /\I I',I ) , ‘; ',l ot ’I |
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| )‘ 8. ) § | /
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00044 9150 Meters Altitude
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FREQUENCY MAP FOR AUTOMOTIVE RADAR & SENSING
MANY ACTIVITIES BEYOND GLOBALLY AVAILABLE 76 - 81 GHZ

Power

LRR and

UWB FR2-1 Integrated

In-Cabin Sensing and In-Cabin Radar and In-Cabi.n Radar_ and
Radar Communication Exterior Sensing Exterior Sensing
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INTEGRATED SENSING AND COMMUNICATION ISAC

» 606G mobile communications wants to enable
personal mobile robotics like autonomous driving

—> add radar and spectroscopy functionality

» Sharing frequencies increases spectral efficiency

» Enhanced data fusion through communication

» Various approaches under investigation

— Joined waveform for radar and communication

— Different waveforms separated e.g. by

time-, code- or frequency-division multiplexing
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INTEGRATED SENSING AND COMMUNICATION IN FR2-1
COMMONALITIES BETWEEN RADAR AND COMMUNICATION

» Similar hardware architectures

and common challenges

» Both benefit from innovations in
CMOQOS technology, Al and use
of higher bandwidth

» High degree of integration
— cost efficiency
— spectral efficiency

— mutual functional benefit

34 Rohde & Schwarz May 2024
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INTEGRATED SENSING AND COMMUNICATION IN FR2-1
DEMO SETUP WITH RADAR TARGET SIMULATOR AREG800A

» Fully calibrated frontends, seamlessly integrated with signal generator and spectrum analyzer

» FE44S supports frequencies from 24 to 44 GHz

FE44S S'\g\i/;/ﬁgloA ‘ CATION & SENSING
- JOINT COMMUNI
External Generator TOWARDS 5 Jo -

Frontend

+ . - =
»:= Sl e =

— o« T T

AREGBS800A
Radar Target
Simulator

.......
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DDDDDD

FSwW43/85
Spectrum
Analyzer

FE44S
External
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T TR ——
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SIGNAL GENERATOR SMW200A GENERATES TIME-
MULTIPLEXED COMMUNICATION AND RADAR SIGNAL

QAM64 Modulated Communication Signal FMCW Signal with Up- and Down Chirp
4.5 ms 0.5 ms

5G New Radio A: Time Plan

Cell © Show First Subframe || Subframes | Resource Grid | Zoom
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SPECTRUM ANALYZER FSW43 ANALYSES
COMMUNICATION AND SENSING SIGNALS

FMCW Signal with Up- and Down Chirp

QAM64 Modulated Communication Signal

4.5 ms

X Transient Analysis

MultiView =2 3G NR

Ref Level -4.00

Mode C Capture Time 5.0

Frame Count Frame

3 EVM vs Carrier

Lo
500.0 ps/ 5.0ms | OHz 9.83 MHz/ 98.28 MHz

2 Result Summary e

Frame Results Averaged Mean Limit Max
POSCH (%) 18,50

) 1

1.21
)
1.17
0.00
0.00
-54.44
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RADAR TARGET SIMULATOR AREG800A
GENERATES TARGETS

» AREGBS800A generates target at 25 m distance with 100 km/h

» Simple demo application evaluates received signal

Crosscorrelation to derive distance Crosscorrelation to derive velocity

Setup Input:

SMW Hostname/IP: | smw200a-110431
FSW Hostname/IP: | 10.102.188.148
AREGB00A Hostname/IP: | areg800a-100105

Rx-FE44 Hostname: | I \
reFE44 1P | [
Tx-FE44 Hostname: |
™Fes4 P- | |

Center Frequency in Hz: |
pepindB: | NN

Waveform Name: | A W
Setup Devices and Start Measurement WJ’V'
Pa Resume Measurement

100 125 150 175 —750 —=500 —250 0 250 500 750
Range in m Velocity in km/h

Stop Measurement

Peak Distance: 25 m Peak Velocity: 104 km/h
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Crosscorrelation to derive distance

Setup Input:

SMW Hostname/IP: | smw200a-110431
FSW Hostname/IP: | 10.102.188.148
AREGB00A Hostname/IP: | areg800a-100105

Rx-FE44 Hostname: |
reFE44 1P | [

Tx-FE44 Hostname: |
™Fes4 P- | |

Center Frequency in Hz: |
pepindB: | NN

Waveform Name: |

Setup Devices and 5 leasurement

nent

100 125 150 175

Stop Measurement
Range in m

Peak Distance: 25 m
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Crosscorrelation to derive velocity
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FREQUENCY MAP FOR AUTOMOTIVE RADAR & SENSING
MANY ACTIVITIES BEYOND GLOBALLY AVAILABLE 76 - 81 GHZ

Power
A
LRR and
UWB FR2-1 Integrated
In-Cabin Sensing and In-Cabin Radar and In-Cabin Radar and
Radar Communication  gyterior Sensing . Exterior Sensing
s
%7 /. 77773 .
3 10 24 52 57 64 76 77 81 116 148 GHz
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D-BAND RADAR FOR VEHICLES TARGETING
APPLICATIONS FOR IN-CABIN AND EXTERIOR SENSING

» New frequency bands proposed for automotive short- and ultra-short-range applications
» Several sub-bands up to 7 GHz bandwidth in the in the 116 — 148.5 GHz range identified
» Coexistence still under investigation

» ECC report 351 has been published (approved 3" of February 2023) *

Active applications in frequency range 114.25 to 164 GHz

| } [Candidateband3 E i Pros cons
N | i Candidate band 2| i i
"[ ST | Increased resolution  Higher
8 o i | Amateur in range and Doppler path loss
% [:] l ¥ ' ‘ ' Fixed Sejvice ) ) )
2l . K | 1 i &) | Vehicle integration New MMIC
< N J | | | | benefits from smaller technology
sivp sensors (saielluﬂe); | | | (:] :
T e form factor required
| n T | ) | A T T |
110 115 120 125 130 135 140 145 150 155 160 165 * Reference: https://docdb.cept.org/download/4273

Frequency (GHz)
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HEIZDWTIEFEES
ECC L7R— bk 351 BFEiTS N1z (2023 &£ 2 A 3 BIZEAR)*

Active applications in frequency range 114.25 to 164 GHz

v 'y
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i i i i i
i i i i i
- P i i :
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B P = ' ! |
i i i i
P i
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1

i : [:] : Amateur

[:]! 4: : : ' ' | Fixed Se?rvice
s m
| P{ssivi‘a sensors (saielliﬂ!e); : : : — (:] .|

i \ i i [ i i i i
| Ll | i | | [ |1 | i | i | i | J
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Frequency (GHz)

Active applications
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116 - 148.5 GHz Q&EF TR KX 7 GHz FEHIBEO LN DHADY TN\ REHEZEL TS

Pros Cons
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* Reference: https://docdb.cept.org/download/4273



SETUP FOR GENERATION AND ANALYSIS OF
D-BAND RADAR SIGNALS

» Fully calibrated frontends, seamlessly integrated with signal generator and spectrum analyzer

» FE170ST/R support frequencies from 110 to 170 GHz

FE170ST SMWZOOA
T : Signal

External " ‘ceceess 666608 Generator
Frontend

FE170-Z01

Intelligent f

Bandpass

Filter l
FE170SR % seeee & 555 == EEE \ I;S\éVC‘:?lfr?
............. ............. A n a. | yz e r
Frontend -— 2
“:’ 85 <o 000 0°e iy 270
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EXTERNAL FRONTEND EXTENDS SPECTRUM ANALYZER
TOOLBOX USED ALREADY FOR 76-81 GHZ TO D-BAND

» Example FMCW signal at
130 GHz with 1 GHz
bandwidth

» Direct capture and
analysis of chirps up to
8.3 GHz bandwidth using
the transient analysis
application FSW-K60c

» Automatic chirp detection

50 Rohde & Schwarz
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SUMMARY

» Improved regulatory framework and test procedures required to ensure automotive radar

coexistence and reliability for SAE level 3 functions and beyond
» Many activities beyond globally available 76 — 81 GHz frequency band
» UWB and 60 GHz radar both currently addressing in-cabin radar applications
» Ongoing research for Integrated Sensing and Communication in FR2-1 band from 24 — 52 GHz
» New standards and test methods will be released in EU impacting radar product development

» Comprehensive R&S test solutions available for radar development and compliance testing
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